Background The aim of the present study was to assess recent trends in pancreaticoduodenectomy (PD) and the role of institutional standardization on the development of postoperative complications in 3,378 patients who underwent PD in Japan. Methods Data were collected from 3,378 patients who underwent PD in 2006, 2010 and 2014 at 53 institutions. A standardized institution (SI) was defined as one that implements ≥7 of 13 quality initiatives according to departmental policy. There were 1,223 patients in the SI group and 2,155 in the non-SI group. Clinical parameters were compared over time, and between groups. Risk factors for morbidity and mortality were assessed by logistic regression analysis with a mixed-effects model. Results The number of patients who underwent PD in SIs increased from 16.5% in 2006 to 46.4% in 2014. The SI group experienced an improved process of care and a lower frequency of severe complications vs. the non-SI group (P < 0.001). Multivariate analysis revealed that the SI group was associated with a lower incidence of delayed gastric emptying (odds ratio À0.499, P = 0.008) and incisional surgical site infection (odds ratio À0.999, P < 0.001). Conclusion Standardization of care in PD may be important in reducing post-PD complications, and is a critical element for improving clinical outcomes.
Introduction
Pancreaticoduodenectomy (PD) continues to be a challenging surgical procedure due to the complicated surgical process, and the need for skilled surgical techniques and well-organized perioperative management. Morbidity following PD remains high, even in high-volume centers throughout the world. Several authors have reported that highvolume and specialized centers achieve better surgical outcomes [1] [2] [3] [4] [5] . However, Riall et al. suggested that there is still significant variability in the outcomes of pancreatic resection [6] . Lucas et al. have proposed that quality improvement efforts in PD should focus not only on who is operating or where the operation occurs (surgeon or hospital volume), but also on how the process occurs (quality outcome metric) [7] .
Kalish et al. stated that hospital volume does not directly reflect quality; rather, it is a surrogate for other measures of quality [8] . Quality metrics are the criteria, standards, and other measures used to assess the quality of health care. Improving the quality of surgical care leads to greater access, fewer complications, and better outcomes for patients, resulting in a lower cost of care.
Which measures beyond morbidity and mortality may better reflect quality in PD? These measures include traditional clinical outcomes, as well as processes of care and structural elements of care. Among them, the "process of care" can be under the control of surgeons and medical staff. Standardization in the perioperative management of PD requires clear definitions of post-pancreatectomy complications as an outcome measure, evidence-based practice in pancreatectomy including standardized surgical procedures, and a well-managed process of care at an institutional level using a clinical pathway or enhanced recovery after surgery program.
However, the impact of a well-managed process of care on clinical outcomes has been assessed in only a limited, single-institution fashion, while the effects of the standardized care on morbidity and mortality after PD have never been assessed in a multi-center setting. In this study, we evaluated trends in clinical demographics, processes of care and postoperative complications after PD in 53 Japanese institutions that participated in the Japanese Society of Pancreatic Surgery in 2006, 2010 and 2014. Next, we tested the hypothesis that the deliberate use of a process of care at an institutional level, but not individual surgeon volume or hospital volume, can improve morbidity and mortality after PD in relatively specialized institutions for pancreatectomy.
Patients and methods
The questionnaire audits consisted of two parts. The first was for determining institutional characteristics, and the second was to collect the perioperative data of 3,378 patients who underwent PD in 2006, 2010 and 2014 from a total of 53 institutions in the Japanese Society of Pancreatic Surgery.
The first questionnaire audit consisted of clinical questions concerning hospital volume, surgeon volume, and the 13 quality initiatives defined for the current study according to departmental policy at an institutional level as shown in Table 1 . Implementation of the quality initiatives was ranked according to levels of decision-making authority from A to C (A, full-dependence on departmental policy; B, surgeon's decision in part; C, surgeon's decision). Based on this ranking, a standardized institution was defined as one in which ≥7 of 13 quality initiatives were ranked as "A" in each year (2006, 2010 and 2014) . Quality initiatives in perioperative management were determined in accordance with the presence or lack of institutional criteria for perioperative management. Hospital volume was defined as low (0-24 PDs per year), intermediate (25-49 PDs per year), and high (50 or more PDs per year). Surgeon volume (number of PDs/year/surgeon) was defined as low (0-11 PDs in a year) and high (12 or more PDs in a year).
The second questionnaire audit collected data from 3,378 patients who underwent PD in 2006, 2010 and 2014, including patient demographics, surgical parameters, and clinical outcomes, and trends were examined over time. Clinical backgrounds and outcomes were compared between patients who underwent PD in standardized institutions (SI group) and in non-standardized institutions (non-SI group) in 2006, 2010 and 2014. Moreover, risk factors for postoperative complications and morality were investigated. Postoperative complications were defined based on the international criteria for clinically relevant postoperative pancreatic fistula (CR-POPF) [9] , delayed gastric emptying (DGE) [10] , incisional surgical site infection (SSI), and Clavien-Dindo classification [11] . This study was approved and overseen by the Institutional Review Board of Kansai Medical University (No. H1403101) and each participating hospital.
Statistical analysis
The database was investigated by biostatisticians at the Statcom Company Limited (Tokyo, Japan). Continuous variables were expressed as median and range. Nominal data were compared using v 2 tests and continuous variables using analysis of variance. Mixed-effect models (SAS PROC MIXED) were used to account for clustering hospitals for continuous variables. Models were constructed with manual variable selection methods. The volume and quality measures were entered manually, and additional covariates previously reported to be associated with the occurrence of postoperative complications were also selected for inclusion. The clinical impacts of standardization of perioperative management, surgeon or hospital volume, and general clinical indicators on postoperative complications were assessed by logistic regression analysis with a mixed-effects model. A P-value <0.05 was considered statistically significant. All analyses were carried out with SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
The first questionnaire audit
In 2014, 94% of institutions participating in this audit performed a standardized surgical procedure of PD, 74% had a pancreatic team, 85% accrued a pancreatic database, and 90% collected surgical outcome measures. Out of 53 institutions, the number of standardized institutions increased from seven in 2006 to 17 in 2010 and to 28 in 2014. Among 13 quality initiatives, in 2014, half or more of the institutions were ranked as "A" in the category of SSI precaution, rehabilitation program, pulmonary embolism prophylaxis, duration of prophylactic antibiotic use, type of biliary drainage and intra-peritoneal drainage, and criteria for nasogastric tube, biliary drainage, and intra-peritoneal drainage. However, categories of high-risk patient program, criteria for drain removal, oral intake initiation, and hospital discharge were not standardized in many institutions, even in 2014.
The proportion of all patients who underwent PD in low-volume centers decreased from 41% in 2006 to 23% in 2010 to 12% in 2014, and the proportion of patients who underwent PD in high-volume centers increased from 20% to 33% to 44%, respectively. The proportion of patients who underwent PD in intermediate-volume centers remained relatively unchanged over time (40% to 44% to 45%, respectively). The proportion of patients who underwent PD in high surgeon volume centers (12 or more in a year) gradually increased from 15% to 31% over the study period. Over time, the proportion of patients who underwent PD at a standardized institution increased from 17% in 2006 to 37% in 2010 to 46% in 2014.
Trends of PD in 2006, 2010 and 2014
As shown in Table 2, data from Although the majority of pathological diagnoses including peri-ampullary carcinoma did not change, the frequency of neuroendocrine tumors increased from 2.1% to 4.8%. The primary type of biliary drainage changed from percutaneous transhepatic biliary drainage to endoscopic retrograde biliary drainage. As a consequence, the incidence of pre-operative cholangitis increased from 14% in 2006 to 18% in 2014.
In terms of surgical parameters, the frequency of neoadjuvant therapy and portal vein resection increased over time ( Table 2 Although overall postoperative complication rates did not differ, in-hospital mortality, CR-POPF, DGE, and SSI decreased over time. Although the median duration of hospital stay was dramatically shortened from 34 days in 2006 to 25 days in 2014, the readmission rate within 30 days after hospital discharge increased slightly from 1.9% in 2006 to 3.4% in 2014.
Standardized group vs. non-standardized group There were 1,223 patients who underwent PD in the SI group and 2,155 patients who underwent PD in the non-SI group. As shown in Table 3 , the SI group contained a higher proportion of low-case volume centers (26% vs. 20%) and high-surgeon volume centers (38% vs. 22%) relative to the non-SI group (P < 0.001). In terms of drain management, a higher rate of closed suction drainage were found in the SI group relative to the non-SI group (75% vs. 47%, P < 0.001). Moreover, the median numbers of days to drain removal and oral intake initiation in the SI group were both less than those in the non-SI group (median days to drain removal, POD 5 vs. 9; median days to oral intake, POD 4 vs. 6). In comparisons of postoperative complications, a lower incidence of overall complications (61% vs. 66%), grade III/IV Clavien-Dindo classification (24% vs. 29%), DGE (13% vs. 18%), CR-POPF (18% vs. 26%), and SSI (incisional, 7% vs. 15%; organ/space, 17% vs. 23%) were found in the SI group relative to the non-SI group (P < 0.005). Duration of hospital stay in the SI group was also shorter than that in the non-SI group (median POD 24 vs. 31, P < 0.001). Table 4 shows the results of multivariate logistic regression analysis to detect risk factors for each complication. Risk factors for DGE were being in the non-SI group and no vascular resection, while being in the non-SI group, low-case volume centers, presence of liver cirrhosis, preoperative biliary drainage, soft pancreas and excessive blood loss were associated with incisional SSI. High BMI, higher American Society of Anesthesiologists (ASA) scores, lack of vascular resection, soft pancreas, and days to drain removal were significantly associated with the development of CR-POPF, while presence of liver cirrhosis, higher ASA scores, soft pancreas and excessive blood loss were closely associated with in-hospital mortality.
Discussion
Pancreaticoduodenectomy (PD) is a high-acuity surgery required for diseases of the pancreatic head or periampullary region. Although the operative mortality of PD in high-volume centers has decreased to less than 5% [1, 2, 12] , the surgical morbidity remains high, as 30%-50% of patients develop one or more complications, such as POPF, DGE, or intra-abdominal abscess [3, 4] . Generally, morbidity or mortality after PD can be associated with institutional structure (hospital equipment, hospital volume, multidisciplinary team, and so on), the patient's physical condition, the surgeon's skills or experience, and/or a well-organized process of care in perioperative management. Lucas et al. [7] suggested an important point that quality improvement efforts in PD should focus not only on where or by whom the operation takes place, but also on how the operation takes place. What are the "Standards" for PD? They are difficult to measure and define, because there are variations in "Standards" of surgical care. For instance, the standards for one surgical procedure may include assessments of structure of institution, a specialized team of surgeons, surgical technique, and a process of care in perioperative management, while standards for In the current study, we retrospectively assessed the impact of well-organized processes of care at the institutional level on morbidity and mortality after PD in a multi-center setting. The national trends of PD in 2006, 2010 and 2014 were also analyzed. The number of SIs has increased over time, and early drain removal, initiation of oral intake and hospital discharge were achieved more frequently in the SIs relative to the non-SIs. Moreover, the SIs were associated with lower overall complications, severe complications (Clavien-Dindo 3-5), clinically relevant pancreatic fistula, DGE, and SSIs. In addition, multivariate analyses revealed that SIs were associated with lower incidences of DGE and incisional SSI. Thus, patients who underwent PD in SIs were more likely to have fewer postoperative complications after PD, while those who underwent PD in institutions with higher surgeon or hospital volume were not. However, development of CR-POPF and mortality were associated more with patient characteristics or surgical factors such as BMI, ASA score, pancreas texture, and extent of blood loss or operative time, which have previously been reported as risk factors for morbidity and mortality after PD [1] [2] [3] [4] [5] 12] . Moreover, early drain removal was also an important factor for reducing the incidence of clinically relevant POPF.
When evaluating whether a surgical treatment is successful, clinicians should measure performance against quality standards to determine whether the treatment meets expectations. In the SIs defined in this study, most of the quality initiatives had been applied according to departmental policy at the institutional level with a clinical pathway, but not to each surgeon's decision. In lowcase volume centers, only one senior surgeon may decide the same operative procedure and perioperative management, which seems to be a standardization of the perioperative management for PD in those hospitals. These standardized processes of care can lead to improved clinical outcomes. Clinical pathways are generally designed to outline a standardized management approach for patients, and provide a guide for pre-, intra-, and postoperative planning, which includes thromboembolic and antibiotic prophylaxis, the removal of nasogastric tubes and intraabdominal drains, and so on. Several authors have reported that the implementation of clinical pathways for patients who undergo PD has been closely associated with lower hospital costs [13] , shorter duration of hospital stay [13] [14] [15] [16] [17] , improved process of care [14, [16] [17] [18] , and less morbidity [15, 18] . Clinical pathways are useful tools for improving the quality of perioperative management and for achieving standardization of each surgical procedure through increased awareness and education of all medical staff as well as patients. Vollmer et al. proposed that improved process management can mitigate the impact of preoperative risk and effectively deliver quality advances, despite traditional outcomes that may already meet or exceed benchmark outcomes for a given major surgical procedure [19] . The results of the current study revealed that SIs that have a well-organized process of care could be an independent quality indicator for assessing postoperative morbidity after PD.
A meta-analysis of the volume-outcome relationship in pancreatic surgery demonstrated a consistent association between high-volume hospitals and lower postoperative mortality rates [5] . An experienced surgeon in a lowvolume center may be technically proficient at PD, but the system may not be adequately supportive for diagnosis and perioperative management. Conversely, a high-volume center with intensive care units, advanced imaging modalities, interventional radiologic exams, and gastroenterologic or endoscopic expertise might be able to provide superior support to a less experienced surgeon [20] . Thus, the hospital environment plays an important role in the safety and efficacy of PD. Schmidt et al. indicated that hospital volume was important for improving mortality, but surgeon experience remained important for improving morbidity, even in high-volume centers [20] . Thus, the close association between low hospital volume and high operative mortality has been reported since the 1990s [1] [2] [3] [4] . Even in high-volume centers, however, there is still significant variability in outcomes of pancreatic resection [7] . There are also major differences in individual surgeons' experience and volume within high-volume centers. Kalish et al. have suggested that volume does not directly reflect quality; rather, it is a surrogate for other measures of quality [8] . Moreover, they proposed to understand and determine what measures of quality beyond mortality and volume might better reflect quality in pancreatic surgery. These measures include traditional clinical outcomes, as well as process and structural elements of care. The current study reflects an analysis of outcomes from institutions comprising the Japanese Society of Pancreatic Surgery. The standardized institutions include low-to high-surgeon and hospital volume, but all institutions were relatively specialized for pancreatectomy, and most had specialty teams and prospective pancreatic databases. They seemed to share a high awareness of perioperative management, surgical techniques and outcome measures regarding pancreatectomy. In this setting, it seems that surgeon or hospital volume does not strongly affect mortality and morbidity after PD.
This study has some potential limitations. First, although we attempted to include all measures of process of care in each institution and to use the definition of standardized institution consistently, other important indicators or methods for assessing "standardization" might exist. Second, we assessed the fact that a conscious attempt was made to improve the process of care in each institution, but we could not evaluate that the actual processes were applied more frequently or more regularly. In the near future, we should explore which quality initiatives directly reflect clinical outcomes after PD. Third, institutions participating in this study are specialized centers for pancreatectomy (or include at least one surgeon certified by the Japanese Society of Hepato-Biliary-Pancreatic Surgery), and therefore, the findings may not be generalizable to all hospitals.
In conclusion, the standardized adoption of a wellorganized process of care for PD at the institutional level, but not hospital/surgeon volumes, may be important in reducing post-PD complications, and therefore a critical indicator for assessing the clinical outcomes of PD.
